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DESCRIPTION 

Semiconductor Device Fabrication Method and Mask Pattern Data Generation Method 

5 Technical Field 

The present invention relates to semiconductor device fabrication methods and 
mask pattern data generation methods and particularly to such methods emplojdng 
lithography using linearly polarized light. 

10 Background Art 

In fabricating a semiconductor integrated circuit device a fine pattern is 
transferred on a semiconductor wafer by lithography. In lithography a projection 
exposure apparatus is typically used and a pattern of a photomask attached on the 
apparatus is transferred onto the semiconductor wafer to form a pattern of a device. 

15 In recent years there has been a demand for highly integrated devices and the 

devices' increased speed of operation and in order to meet the demand finer patterns are 
pursued. Under such circumstance, exposure apparatuses have conventionally been 
used with a numerical aperture (NA) increased to provide increased resolution. 

Furthermore, as a method improving an effective NA a method of exposure 

20 referred to as immersion lithography has also been considered. In immersion 

lithography exposure, a space between a lens and a plane of photoresist serving as a 
sample to be printed is filled with liquid to increase the space's index of refi"action to 
provide improved effective NA. (As seen fi*om a different point of view, exposure is 
done with Hght having a reduced effective wavelength.) A technique associated with 

25 immersion lithography is described for example in non-patent Document 1 indicated 
hereinafl:er. 

Thus there is an increasing demand for increased effective numerical aperture to 
provide patterns improved in contrast (or resolution). Currently, an apparatus with an 
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NA of 0.9 or higher has been produced as a prototype. Furthermore, an exposure 
apparatus has also been planed that is combined with immersion lithography to provide 
an NA as converted of approximately 1.3. It is known that when such an extremely 
high numerical aperture exposure apparatus is used a pattern transferred significantly 
5 varies in contrast depending on the direction of polarization of light employed for 
exposure. 

In general it is knovra that when polarized light along a direction in which a 
pattern extends (hereinafter also referred to as S polarized light) is used to provide 
exposure, a high contrast is obtained. When non-polarized light is used to provide 
10 exposure, resolution is reduced. When polarized light perpendicular to the direction in 
which the pattern extends (hereinafter also referred to as P polarized light) is used to 
provide exposure, fiarther decreased resolution is provided. This is described for 
example in Japanese Patent Laying-Open Nos. 6-275493 (Conventional Example 1), 5- 
90128 (Conventional Example 2), and 6-140306 (Conventional Example 3). 
15 Patent Document 1 : Japanese Patent Laying-Open No. 6-275493 

Patent Document 2: Japanese Patent Laying-Open No. 5-90128 
Patent Document 3 : Japanese Patent Laying-Open No. 6-140306 
Non-Patent Document 1: "Immersion Lithography Technology", [on line], 
NIKON corp. [retrieved February 19, 2004], Internet 
20 <URL:http://www.nikonxojp/main/jpn/profile/technology/inimersion/>. 

Disclosure of the Invention 

Problems to be Solved by the Invention 

Such semiconductor device fabrication method as described above, however, has 
25 a disadvantage as follows: 

As has been described above, the direction of polarization of light for exposure 
affects the contrast of a pattern formed. As adapting immersion lithography or the like 
provides improved numerical aperture (NA), exposure's polarization dependency further 
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increases. Consequently, the direction of polarization of light for exposure affects the 
pattern in geometry and the Uke and the pattern's geometry as desired may not reliably 
be obtained. 

In contrast. Conventional Examples 1 and 2 disclose a method of exposure for a 
pattern extending only in one direction. Furthermore, Conventional Example 3 
discloses a method of exposure that separately forms mask for forming orthogonal, bi- 
directional pattern. The example, however, fails to disclose the concept that a 
dimension is corrected by an amount varied for different directions of the pattern. The 
present invention is thus distinguished in precondition and configuration from 
Conventional Examples 1-3. 

The present invention has been made to overcome the aforementioned 
disadvantages and it contemplates a semiconductor device fabrication method and mask 
pattern data generation method capable of stabilizing in geometry a pattern formed on a 
wafer. 

Means for Solving the Problems 

The present semiconductor device fabrication method is a method of fabricating 
a semiconductor device having a first pattern extending in a first direction and a second 
pattern identical in geometry to the first pattern and extending in a second direction 
orthogonal to the first direction, and includes the steps of employing linearly polarized 
illumination to perform exposure along a mask pattern including a first and second mask 
patterns used to form the first pattern and the second pattern, respectively; and 
subsequently forming the first and second patterns having a geometry along the mask 
pattern, the first and second mask patterns being different in geometry. 

The present mask pattern data generation method is a method of generating 
mask pattern data defining a mask pattern for forming a pattern on a wafer by linearly 
polarized light, the method introducing a dimensional correction in an amount varied 
between a first direction parallel to the linearly polarized hght's direction of polarization 
and a second direction orthogonal to the first direction. 



Effects of the Invention 

The present invention can stabilize in geometry a pattern formed on a wafer 
through exposure. 

The foregoing and other objects, features, aspects and advantages of the present 
5 invention will become more apparent from the following detailed description of the 
present invention when taken in conjunction with the accompanying drawings. 

Brief Description of the Drawings 

Fig. 1 is a top view schematically showing a configuration of a semiconductor 
10 device of the present invention in a first embodiment. 

Fig. 2 is a top view of a layout of a pattern in the Fig. 1 semiconductor memory 
device at a memorymat portion. 

Fig. 3 A is a top view of a layout of a gate wiring pattern of a peripheral circuitry 
portion of the present semiconductor device in the first embodiment, showing a vertical 
15 gate pattern. 

Fig. 3B is a top view of a layout of a gate wiring pattern of a peripheral circuitry 
portion of the present semiconductor device in the first embodiment, showing a 
horizontal gate pattern. 

Fig. 4A is a top view of a mask pattern used to form the Fig. 3 A wiring pattern. 
20 Fig. 4B is a top view of a mask pattern used to form the Fig. 3B wiring pattern. 

Fig. 5 A is a top view of a mask pattern used to form a dense wiring pattern of 
the peripheral circuitry portion of the present semiconductor device in the first 
embodiment, showing a vertical mask pattern for forming a vertical dense pattern. 

Fig. 5B is a top view of a mask pattern used to form a dense wiring pattern of 
25 the peripheral circuitry portion of the present semiconductor device in the first 

embodiment, showing a horizontal mask pattern for forming a horizontal dense pattern. 

Fig. 6A is a top view of a mask pattern used to form an L-shaped wiring pattern, 
showing a typical layout of the mask pattern. 
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Fig. 6B is a top view of a mask pattern used to form an L-shaped wiring pattern, 
showing a typical layout of the mask pattern. 

Fig. 6C is a top view of a mask pattern used to form an L-shaped wiring pattern, 
showing a layout of a mask pattern used in a method of fabricating the present 
5 semiconductor device in the first embodiment. 

Fig. 6D is a top view of a mask pattern used to form an L-shaped wiring pattern, 
showing a layout of a mask pattern used in a method of fabricating the present 
semiconductor device in the first embodiment. 

Fig. 7A is a top view of a mask pattern used to form a straight-joint wiring 
10 pattern in the present semiconductor device of the first embodiment, showing a vertical 
mask pattern for forming a vertical matched wiring pattern. 

Fig. 7B is a top view of a mask pattern used to form a straight-joint wiring 
pattern in the present semiconductor device of the first embodiment, showing a 
horizontal mask pattern for forming a horizontal matched wiring pattern. 
15 Fig, 8 A is a top view of one example of a mask pattern used to form a wiring 

pattern in the present semiconductor device of a second embodiment, showing a vertical 
mask pattern for forming a vertical wiring pattern. 

Fig. 8B is a top view of one example of a mask pattern used to form a wiring 
pattern in the present semiconductor device of the second embodiment, showing a 
20 horizontal mask pattern for forming a horizontal wiring pattern. 

Fig. 9A is a top view of another example of a mask pattern used to form a wiring 
pattern in the present semiconductor device of the second embodiment, showing a 
vertical mask pattern for forming a vertical wiring pattern. 

Fig. 9B is a top view of another example of a mask pattern used to form a wiring 
25 pattern in the present semiconductor device of the second embodiment, showing a 
horizontal mask pattern for forming a horizontal wiring pattern. 

Fig. 10 A is a top view of a mask pattern employed to form a hole pattern, 
showing a typical mask pattern. 
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Fig. 1 OB is a top view of a mask pattern employed to form a hole pattern, 
showing a layout of the mask pattern that is employed in a method of fabricating a 
semiconductor device in a third embodiment of the present invention. 

Fig. 11 A is a top view of the Fig. lOA mask patterns in a set. 
5 Fig. 1 IB is a top view of the Fig. lOB mask patterns in a set. 

Fig. 12A is a top view showing a result of transferring a pattern by using the Fig. 
llAmask patterns. 

Fig. 12B is a top view showing a result of transferring a pattern by using the Fig. 
1 IB mask patterns. 

10 Fig. 13 A is a cross section of a resist pattern after a mask pattern is transferred 

in the present semiconductor fabrication method in a fourth embodiment. 

Fig. 13B is a cross section of a resist pattern after a mask pattern is transferred in 
the present semiconductor fabrication method in the fourth embodiment. 

Fig. 13C is a cross section of a resist pattern after a mask pattern is transferred in 
15 the present semiconductor fabrication method in the fourth embodiment. 

Fig. 1 3D is a cross section of a resist pattern after a mask pattern is transferred 
in the present semiconductor fabrication method in the fourth embodiment. 

Fig. 14A is a top view of a resist pattern after a mask pattern is transferred in the 
present semiconductor fabrication method in the fourth embodiment. 
20 Fig. 14B is a top view of a resist pattern after a mask pattern is transferred in the 

present semiconductor fabrication method in the fourth embodiment. 

Fig. 15 shows one example of a configuration of a semiconductor fabrication 
apparatus. 

Fig. 16 shows one example of a flowchart of the present mask pattern data 
25 generation method in the first embodiment. 

Fig. 17 shows another example of the flowchart of the present mask pattern data 

generation method in the first embodiment. 

Fig. 18 shows a first step in a typical wiring pattern formation process. 
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Fig. 19 shows a second step in the typical wiring pattern formation process. 
Fig. 20 shows a third step in the typical wiring pattern formation process. 
Fig. 21 illustrates a flowchart of the typical wiring pattern formation process. 

Description of the Reference Signs 

1: source of light, 2: mirror, 3: fly eye lens, 4: polarizing plate, 5: mask pattern, 
6: fine pattern, 7: photomask, 8: objective lens, 9: wafer, 10: memorymat portion, 11. 
peripheral circuitry portion, 12: drawn-line portion, 13: line and space pattern, 14, 15: 
wiring pattern, 16, 17: mask pattern, 18: mask pattern (dimension uncorrected), 19, 20: 
mask pattern, 21 mask pattern (dimension uncorrected), 22: main pattern (horizontal 
direction), 23: hammer head (horizontal direction), 24: main pattern (vertical direction), 
25: hammer head (vertical direction), 26, 26A: main pattern, 27: subpattem, 28: main 
pattern (vertical direction) 29: subpattem (vertical direction), 30: main pattern 
(horizontal direction), 31: subpattem (horizontal direction), 32, 40: halftone field 
portion, 33, 34: opening, 41, 42: opening, 43: photoresist, 44, 45: hole, 46: abnormally 
transferred pattem, 50: substrate, 51, 51A, 52, 52A: resist pattern, 101, 102: designed 
pattern, 103, 104: mask pattem, 105, 106: main portion, 107, 108: projection, 109, 110: 
inner serif portion (recess). 111, 112: serif portion (protrusion), 113, 114: mask pattem, 
113A, 114A: comer, 115A, 115B: main portion, 116A, 1 16B: projection, 117A, 117B, 
inner serif portion, 118A, 118B: serif portion, 120: wafer, 121: insulation layer, 121A, 
insulation film, 122: conductive layer, 122 A: wiring pattem, 123: resist film, 123 A: 
resist pattem. 

Best Mode for Carrying Out the Invention 
25 Hereinafter the present semiconductor device fabrication and mask pattem data 

generation methods will be described in embodiments with reference to Figs. 1-2L 
First Embodiment 

Fig. 1 is a top view of a semiconductor device of the present invention in a first 



10 



15 



20 



-7- 



embodiment. 

As provided in the present embodiment the semiconductor device is flash 
memory, one example of non-volatile semiconductor memory device. Note that while 
in the present embodiment the present invention is described as being applied by way of 
5 example to the above flash memory, the present invention is not limited thereto and is 
applicable to any semiconductor device. 

With reference to Fig. 1, the flash memory (or semiconductor device) includes a 
memorymat portion 10 and a peripheral circuitry portion 11. 

Fig. 2 shows one example of a gate wiring pattern of memorymat portion 10. 
10 With reference to Fig. 2, the gate wiring pattern includes a line and space pattern 

13 formed on a memory cell and a drawn line portion 12 connected to a contact pad. 

Line and space pattern 13 is the densest fine pattern in the flash memory. Note- 
that line and space pattern 13 occupies approximately more than 50% of the entirety of 
the area of the chip, and reducing line and space pattern 13 in pitch can eflfectively 
15 provide an eflBciently reduced chip area (i.e., the chip shrink effect). 

Accordingly, linearly polarized light polarized in a direction parallel to that in 
which line and space pattern 13 extends (linearly polarized light that will be S polarized 
Ught for line and space pattern 13), is employed to perform an exposure process. Thus 
line and space pattern 13 can be increased in resolution and reduced in pitch. 
20 The aforementioned linear polarization light can be obtained by employing 

linearly polarized illumination. Fig. 15 shows one example of a semiconductor 
fabrication apparatus including linearly polarized illumination that implements the 
semiconductor device fabrication method in accordance with the present embodiment. 

With reference to Fig. 15, a source of light 1 has a back side facing a mirror 2. 
25 The source of light 1 emits light which passes through a fly eye lens 3 to be uniformed 

and then passes through a polarizing plate 4 to provide linearly polarized light polarizing 
in a prescribed direction. In the present embodiment, linearly polarized light (S 
polarized light), polarized along a fine pattern 6 (e.g., line and space pattern 13) on a 
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wafer 9 and a mask pattern 5 employed to form pattern 6, is generated. 

The linearly polarized light provided by polarizing plate 4 arrives at a photomask 
7 having mask pattern 5. The linearly polarized light passes through photomask 7, and 
further passes through an objective lens 8 (a projection lens) and arrives at wafer 9. 
5 Thus mask pattern 5 is transferred on a resist film deposited on wafer 9. 

The Fig. 15 exposure apparatus employs light having a wavelength of 193 nm 
and a lens with an NA of 0.92 to perform exposure in the atmosphere. It should be 
noted however that these conditions are exemplary, and for example improving the len's 
NA and employing immersion lithography to form pattern 6 further reduced in pitch, is 
10 of course allowed for. For example, F2 excimer laser can be used to provide exposure 
to light having a wavelength of 157 nm. Note that if the source of Hght 1 is an excimer 
laser, it emits already linearly polarized light. In that case, a X/4 plate can simply be 
used to rotate a plane of polarization 90° to switch between S polarization and P 
polarization. 

15 A typical process for forming a wiring pattern on a wafer will be described with 

reference to Figs. 18-21. 

With reference to Fig. 18, a wafer 120 with an insulation layer 121 and a 
conductive layer 122 deposited thereon further has a resist film 123 deposited thereon 

(in Fig. 21 at step 130). 

20 A mask pattern is then used for exposure (in Fig. 21 at step 131). Subsequently 

a development process is performed to form a resist pattern 123 A corresponding to the 
mask pattern, as shown in Fig. 19. 

The intermediate product is etched with resist pattern 123 A serving as a mask to 
form a wiring pattern 122 A on wafer 120 with an insulation film 121 A interposed 
25 therebetween. Subsequently, resist pattern 123 A is removed (in Fig. 21 at step 132). 

Description will now be made for a method of generating mask pattern data of a 
photomask employed in the above described exposure process. 

Generally, in forming a mask pattern, an amount of variation of the mask pattern 
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that is introduced when it is transferred to a wafer (i.e., an amount of variation of the 
pattern) is previously considered and the mask pattern having the variation corrected is 
formed. This approach is referred to as optimal proximity correction (OPC). In this 
approach a dimension that is corrected will be referred to as an amount of correction in 
5 dimension. 

If exposure is performed with unpolarized (raridomly polarized) light, there is 
not introduced a dimensional correction varied in amount between vertical and 
horizontal directions. If exposure is performed with linearly polarized light to form a 
pattern, however, the pattern varies in resolution between vertical and horizontal 
10 directions. As such, if identically dimensioned mask patterns are used to form 
vertically and horizontally extending patterns, the patterns would have diflFerent 
dimensions in vertical and horizontal directions. 

In contrast, the present embodiment provides a mask pattern data generation 
method introducing a dimensional correction varied in amount between a vertical 
15 direction (a first direction) parallel to a direction of polarization of linearly polarized 
light used to perform exposure and a horizontal direction (a second direction) 
orthogonal to the vertical direction. 

This allows a pattern steady in geometry to be obtained regardless of the 
direction of polarization of light used for exposure. 
20 Fig. 16 shows a procedure of the mask pattern data generation method in 

accordance with the present embodiment. 

With reference to the figure, data of a pattern to be formed on a wafer ("data of 
a designed pattern"), data of a direction of polarization of linearly polarized light used 
for exposure ("data of a direction of polarization"), other conditions for exposure 
25 (numerical aperture (NA), illumination's coherence (a), and information of resist (resist 
and development parameter) are input (in Fig. 16 at step 61). 

When the data of the designed pattern, the data of the direction of polarization, 
and the conditions for exposure are used to calculate an optical image (in Fig. 16 at step 
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62). Herein, a relationship between the direction of polarization and that of individual 
designed pattern is referenced. 

The calculated optical image and the above described resist (and development) 
parameter are used to calculate an image transferred (in Fig. 16 at step 63). 
5 From the image transferred, data of a mask pattern formed on a photomask is 

obtained (in Fig. 16 at step 64) and calculated mask pattern data is output (in Fig. 16 at 
step 65). 

Fig. 17 shows the Fig. 16 mask pattern data generation method*s procedure in an 
exemplary variation. 

10 With reference to Fig. 17, in this exemplary variation the finest pattern (a dense 

fine pattern) in input data of designed patterns is automatically extracted (in Fig. 17 at 
step 61 A) and therefrom a direction of polarization of linearly polarized light used for 
exposure is defined (in Fig. 17 at step 6 IB): Thus the above described data of a 
direction of polarization is automatically obtained, which can eliminate the necessity of 

15 entering the data. 

Herein the direction of polarization of linearly polarized light is defined as a 
direction parallel to that in which the dense fine pattern extends. This allows the finest 
designed pattern to be transferred by using linearly polarized light that serves as S 
polarized light for the pattern. As a result, the dense fine pattern can be improved in 

20 resolution and an effectively reduced chip area can thus be achieved. 

Note that in the above described mask pattern data generation method allows for 
creating an electric design automation (ETA) program that implements steps 61-65. 

The above described mask pattern data generation method provides a mask 
pattern and its effect, as will be described hereinafter. 

25 Figs. 3A and 3B show one example of a gate wiring pattern in the above- 

described flash memory (semiconductor device) at peripheral circuitry portion 11, 
Note that the Figs. 3 A and 3B patterns are identical. More specifically, the Fig. 3A 
pattern rotated by 90"^ corresponds to the Fig. 3B pattern. 
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With reference to Figs. 3 A and 3B, peripheral circuitry portion 1 1 is provided 
with wiring patterns 14, 15 wider in pitch than line and space pattern 13 in memorymat 
portion 10 aforementioned. More specifically, for example, line and space pattern 13 
has a width of approximately 60 nm and a pitch of approximately 120 nm, whereas 
wiring patterns 14, 15 have a pitch of approximately 240 nm at the narrowest portion. 

Wiring pattern 14 (a first pattern) extends in a vertical direction (a first direction) 
and wiring pattern 15 ( a second pattern) extends in a horizontal direction (a second 
direction). Wiring patterns 14, 15 are equal in width (WO). 

Line and space pattern 13 and wiring patterns 14, 15 are formed through an 
identical exposure process using identical linearly polarized light. The linearly 
polarized Ught used to perform exposure has a direction of polarization defined to be 
parallel to that in which line and space pattern 13 extends. Consequently, the direction 
of polarization is parallel to that in which wiring pattern 14 extends (in Figs. 3 A and 3B, 
the vertical direction). In other words, the linearly polarized light serves as S polarized 
(transverse electric (TE) wave) light for wiring pattern 14 and P polarized (or transverse 
magnetic (TM) wave) light for wiring pattern 15. 

As has been described above, a pattern transferred by S polarized light is higher 
in resolution than that transferred by P polarized light. As such, when geometrically 
identical mask patterns are used to provide wiring patterns 14 and 15, they have a 
dimensional difference of approximately 3 nm. 

Figs. 4 A and 4B show mask patterns 16, 17 used to form the Figs. 3 A and 3B 
wiring patterns 14, 15. 

With reference to Figs. 4 A and 4B, v^ring pattern 14 formed by S polarized light 
corresponds to mask pattern 16 (a first mask pattern), which has a width (Wl), and 
wiring pattern 15 formed by P polarized light corresponds to mask pattern 1 7 (a second 
mask pattern), which has a width (W2) smaller than width Wl . Note that in Fig. 4 A a 
pattern geometrically identical to mask pattern 17 is drawn inside mask pattern 16 as a 
mask pattern 18 by a broken line. In Fig. 4 A mask patterns 16 and 18 provide a 
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horizontal dimensional difference of 16 nm and no vertical dimensional difference. 

As has been described previously, wiring pattern 14 formed by S polarized light 
is higher in resolution than wiring pattern 15 formed by P polarized light, and if wiring 
patterns 14 and 15 are formed through geometrically identical mask patterns, wiring 
5 pattern 14 has a width smaller than wiring pattern 15. This can be addressed by 

correcting the mask pattern in dimension, as described above, to increase wiring pattern 
14 in width and as a result allow wiring patterns 14 and 15 formed on a wafer to be 
equal in width (WO), 

Note that wiring patterns 14 and 15 is larger in pitch than line and space pattern 
10 13, and wiring pattern 15 formed by P polarized light is also sufficiently be resolved. 

Furthermore, wiring pattern 14 is formed by S polarized light and relatively has a margin 
for example in depth of focus (DOF), and if mask pattern 16 is increased to be larger in 
width than mask pattern 1 7 wiring pattern 14 is still sufficiently be resolved. 

As an amount of correction in dimension of a mask pattern is varied according to 
15 a relationship between a direction in which a wiring pattern extends and that of 

polarization, in the memorymat portion a finely pitched gate waiting pattern can be 
formed while in the peripheral circuitry portion a gate pattern can be formed free of a 
difference in dimension between vertical (first) and horizontal (second) directions and 
hence as designed. 

20 ' In a concept similar to the above a dimensionally corrected mask pattern in 

another example will be described. 

Figs. 5 A and 5B show mask patterns 19, 20 used to form a dense pattern in the 
above described flash memory at the peripheral circuitry portion. 

With reference to the figures, a wiring pattern formed by S polarized light 
25 corresponds to mask pattern 19 (a first mask pattern), which has a width (Wl), and a 
wiring pattern formed by P polarized light corresponds to mask pattern 20 (a second 
mask pattern), which has a width (W2) smaller than width WL Note that in Fig. 5 A a 
pattern geometrically identical to mask pattern 20 is drawn inside mask pattern 19 as a 



- 13 - 



mask pattern 21 by a broken line. 

Thus a mask pattern dimensionally corrected by an amount varied between 
vertical and horizontal directions has allowed the peripheral circuitry portion to have a 
dense pattern also free of a difference between vertical and horizontal directions and 
5 hence as designed. 

Figs. 6A-6D show a mask pattern used to form an isolated pattern in the above 
described flash memory at the peripheral circuitry portion. Note that Figs. 6A and 6B 
show a mask pattern used when unpolarized light is used to form the isolated pattern, 
and Figs. 6C and 6D show a mask pattern used when linearly polarized light is used to 
10 form the isolated pattern. 

With reference to Figs. 6A and 6B, L-shaped designed patterns 101, 102 
(indicated by broken line) extending in vertical (first) and horizontal (or second) 
directions, respectively, are geometrically identical. Designed patterns 101, 102 are 
formed through mask patterns 103, 104 having main portions 105, 106 and projections 
15 107, 108, and inner serifs 109, 1 10 (first and second recesses) and serifs 111, 1 12 (first 
and second protrusions) inner and outer, respectively, than their respective comers. 
Note that as designed patterns 101, 102 are formed through an exposure process 
employing unpolarized light, designed patterns 101, 102 are formed through 
geometrically identical mask patterns 103, 104. 
20 With reference to Figs. 6C and 6D, a wiring pattern formed by S polarized light 

corresponds to a mask pattern 1 14 (a first mask pattern), which has a width (Wl), and a 
wiring pattern formed by P polarized light corresponds to a mask pattern 1 13 (a second 
mask pattern), which has a width (W2) smaller than width Wl . Note that in Fig. 6 a 
pattern geometrically identical to mask pattern 1 13 is drawn inside mask pattern 1 14 by 
25 a broken line. 

As shown in Figs. 6C and 6D, horizontally and vertically extending mask 
patterns 113 and 1 14, respectively, have their respective main portions 1 15A and 1 15B 
different in width, their respective projections 1 16A and 1 16B different in amount of 
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projection, their respective inner serif portions 1 17A and 1 17B (the first and second 
recesses) dififerent in geometry, and their respective serif portions 1 18A and 1 18B (the 
first and second protrusions) different in geometry. Vertically and horizontally 
arranged and geometrically identical designed patterns can thus be formed. 

Thus a mask pattern dimensionally corrected by an amount varied between 
vertical and horizontal directions has allowed an isolated pattern to be also formed fi-ee 
of a difference between vertical and horizontal directions and hence as designed. In 
contrast, when dimensional correction was made without variation in amount and 
linearly polarized light was used to perform exposure to form vertical and horizontal 
patterns, the patterns had a dimensional difference of approximately 3 nm. 

Figs. 7A and 7B show a mask pattern used to form a straight-joint pattern in the 
above described flash memory at the peripheral circuitry portion. 

With reference to the figures, the mask pattern for forming the straight-joint 
pattern extending in the horizontal direction (second direction) has a main pattern 22 
and a hammer head 23 and that for forming the straight-joint pattern extending in the 
vertical direction (first direction) has a main pattern 24 and a hammer head 25. Herein, 
main pattern 24 (the first mask pattern), corresponding to a wiring pattern formed by S 
polarized light, has a width (Wl), and main pattern 22 (the second mask pattern), 
corresponding to a wiring pattern formed by P polarized light, has a width (W2) smaller 
than width Wl, and as well the main patterns, hammer head 25 is increased in width to 
be larger than hanmier head 23. Furthermore, hammer head 25 (the first mask pattern) 
is increased in thickness and has a spacing (W3) smaller than a spacing (W4) of hammer 
head 23 (or the second mask pattern). 

Thus a mask pattern dimensionally corrected by an amount varied between 
vertical and horizontal directions has allowed the peripheral circuitry portion to have a 
straight-joint pattern also free of a difference between vertical and horizontal directions 
and hence as designed, and also spaced by a small distance. 

The present embodiment provides a semiconductor fabrication method 
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summarized as follows: 

In the present embodiment the semiconductor device fabrication method in one 
aspect is a method of fabricating a semiconductor device having a first pattern (e.g., 
wiring pattern 14 in Fig. 3) extending in a vertical direction (first direction), and a 
second pattern (e.g., wiring pattern 15 in Fig. 3) having a geometry identical to the first 
pattern and extending in a horizontal direction (second direction) orthogonal to the 
vertical direction, including the steps of employing linearly polarized illumination to 
provide exposure along a mask pattern including a first mask pattern (e.g., mask pattern 
16 in Fig. 4) and a second mask pattern (e.g., mask pattern 17 in Fig. 4) for forming the 
first and second patterns, respectively; and subsequently forming the first and second 
patterns (e.g., wiring patterns 14 and 15 in Fig. 3) having a geometry in accordance with 
the mask pattern, the first and second mask patterns (e.g., mask patterns 16 and 17 in 
Fig, 4) being formed to be different in geometry. As seen fi-om a different point of 
view, a mask pattern is dimensionally corrected by an amount varied between vertical 
and horizontal directions. 

Furthermore, in another aspect, the above described first and second mask 
patterns are different in width, while the first and second patterns have identical widths. 

Herein if linear polarization has a vertical direction of polarization, the vertically 
extending mask pattern (first mask pattern) is increased to be larger in width than the 
horizontally extending mask pattern (second mask pattern). 

As one example of the first and second patterns, L-letter shaped designed 
patterns 101, 102 (the first and second patterns) are considered. Designed patterns 
101, 102 correspond to mask patterns 1 13, 1 14, which have comers 1 13 A, 1 14A, and 
inner than comers 1 13 A, 1 14 A, inner serif portions 1 17A, 1 17B (the first and second 
recesses) are provided, and outer than the comers serif portions 1 18A, 1 18B (the first 
and second protmsions) are provided. Mask pattems 113 and 1 14 extending in vertical 
(first) and horizontal (second) directions, respectively, have their respective inner serifs 
1 17A and 1 17B different in geometry and their respective serifs 1 18A and 1 18B 



- 16- 



different in geometry. 

The first and second patterns may for example be a gate wiring pattern, a dense 
pattern, an isolated pattern, or, furthermore, a straight-joint pattern. 

The present embodiment provides a semiconductor device including a memory 
cell portion and a peripheral circuitry portion. The above described concept may be 
implemented in either the memory cell portion or the peripheral circuitry portion. 

In the present embodiment the above described concept allows a pattern to be 
formed with reduced difference in dimension between vertical and horizontal directions 
and hence as designed. 

Second Embodiment 

Figs. 8A and 8B show a mask pattern used to form a wiring pattern in a flash 
memory (a semiconductor device) in a second embodiment. 

With reference to the figures, a vertical main pattern 26 (first main pattern) 
corresponding to a wiring pattern formed by S polarized light and a horizontal main 
pattern 26A (second main pattern) corresponding to a wiring pattern formed by P 
polarized light are equal in width (Wl). It should be noted, however, that horizontal 
main pattern 26A is sandwiched by a subpattern 27 (a dummy pattern) which is not 
resolved itself 

More specifically, the main patterns 26, 26A width (Wl) is set to 240 nm on a 
mask, (60 nm as converted for a wafer). When subpattern 27 was absent, main 
patterns 26, 26A formed vertical and horizontal wiring patterns with a difference in 
dimension of approximately 2 nm. In contrast, when subpattern 27 was present on the 
mask, vertical and horizontal wiring patterns were formed without a difference in 
dimension as well as geometry. Note that subpattern 27 has a width (bl) of 
approximately 50 nm on the mask. 

Figs. 9 A and 9B show an exemplary variation of the Figs. 8 A and 8B mask 
patterns. 

With reference to Figs. 9A and 9B, a vertical main pattern 28 (first main pattern) 
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corresponding to a wiring pattern formed by S polarized light and a horizontal main 
pattern 30 (second main pattern) corresponding to a wiring pattern formed by P 
polarized light are equal in width (Wl). Furthermore, vertical main pattern 28 is 
sandwiched by a subpattem 29 which is not resolved itself, and horizontal main pattern 
5 26A is sandwiched by a subpattem 3 1 which is not resolved itself 

. More specifically, the main patterns 28, 30 have a width (Wl) of 200 nm on a 

mask, (50 nm as converted for a wafer). Furthermore, subpattem 29 has a v^dth (b2) 
of approximately 35 nm on the mask and subpattem 3 1 has a width (b3) of 
approximately 60 nm on the mask. Subpattems 29, 3 1 and main patterns 28, 30 are 
10 spaced equally between vertical and horizontal directions. Vertical and horizontal 
wiring patterns can thus be formed without a difference in dimension as well as 
geometry. 

The present embodiment provides a semiconductor fabrication method 
summarized as follows: 

15 In the present embodiment the semiconductor device fabrication method is a 

method of fabricating a semiconductor device having a wiring pattem (a first pattem) 
extending in a vertical direction (first direction), and a wiring pattem (a second pattem) 
having the same width as the first pattem and extending in a horizontal direction (second 
direction) orthogonal to the vertical direction, including the steps of employing linearly 

20 polarized light to transfer a mask pattem formed on a mask onto a resist film formed on 
a wafer; patterning the resist film; and using the patterned resist mask to form a pattem, 
and the linearly polarized light has a direction of polarization parallel to the vertical 
direction (first direction) and to form the second pattem a mask pattem is provided that 
includes main pattem 26A corresponding to the second pattem and subpattem 27 

25 sandwiching main pattem 26 and smaller in width than main pattem 26A (i.e., b 1 < Wl). 
Main pattem 26A sandwiched by subpattem 27 allows a second pattem 
extending in the horizontal direction (the direction of P polarization) to be formed with 
limited width. Consequently, the second pattern can be matched in width to the first 
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pattern extending in the vertical direction (the direction of S polarization), and a pattern 
can thus be formed with a limited difference in dimension between vertical and 
horizontal directions and hence as designed. 

Furthermore, main pattern 28 (the first main pattern) extending vertically (in the 
5 direction of S polarization) that is sandwiched by subpattem 29 (a first subpattem) and 
main pattern 30 (the second main pattern) extending horizontally (in the direction of P 
polarization) that is sandwiched by subpattem 3 1 (a second subpattem), with the 
subpattem 3 1 width (b3) greater than the subpattem 29 width (b2), can be as effective 
as described above. 

10 In the present invention, matters similar to those of the first embodiment will not 

specifically be described. 

Third Embodiment 

Figs. lOA and lOB are each a top view of a mask pattern employed to form a 
hole pattern on a wafer. 

15 Fig. lOA shows a typical mask pattern. In the figure the mask pattern includes 

a halftone field portion 32 (a halftone region) and an opening 33 having a square 
geometry. Exposing this mask pattern. to unpolarized light forms a round hole pattern. 

In contrast, Fig. lOB shows a layout of a mask pattern used in a semiconductor 
device fabrication method in accordance with the present embodiment. In this figure, 

20 the mask pattern includes halftone field portion 32 (the halftone region) and an opening 
34 having a rectangular geometry with a vertical width (W2) (a first direction) greater 
than a horizontal width (Wl) (the second direction). Exposing this mask pattern to 
vertically polarized light forms a round hole pattem. Note that in Fig. lOB the 
rectangle has a ratio between vertical and horizontal dimensions of approximately 1.6. 

25 This value, however, can be modified within a range of approximately 1 .2 to 2. The 
ratio set within this range can ensure that abnormal transfer as described later can 
sufficiently be prevented, and can also prevent a hole pattern formed from having 
elliptical geometry. Note that light transmitted through halftone field portion 32 is 
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adjusted to have a phase shifted by k as compared with that transmitted through 
openings 34. 

Figs. 1 lA and 1 IB show a plurality of the Figs. lOA and lOB mask patterns 
arranged. In Fig. 1 1 A a halftone field portion 40 has a square opening 41 and in Fig. 
5 1 IB halftone field portion 40 has a rectangular opening 42. 

In the first embodiment a mask pattern in a direction (a first direction) in which 
linearly polarized light used for exposure provides S polarized illumination forms a line 
larger in width than that in a direction (a second direction) in which the linearly 
polarized light provides P polarized illumination to form a pattern fi-ee of a difference in 

10 dimension between vertical and horizontal directions. In the present embodiment, an 
opening increased in width to be larger in the vertical direction (or the first direction 
than the horizontal direction (the second direction) i.e., a halftone field portion is 
reduced in width to be smaller in a direction in which linearly polarized light used for 
exposure provides S polarized illumination (i.e., the first direction) than a direction in 

15 which the linearly polarized light provides P polarized illumination (i.e., the second 

direction) to form a round hole pattern. Thus the present embodiment provides a mask 
pattern having a characteristic portion different fi-om the first embodiment. 

Thus in the present embodiment a dimensional correction opposite to that in the 
first embodiment is introduced in order to prevent abnormally transferring a sub peak 

20 serving as an obstacle to halftone exposure with improved resolution. The sub peak 
indicates a spot having high optical intensity caused in the vicinity of an opening by 
diffraction of light from opening. As it interferes with light diffracted from a 
neighboring opening it increases in intensity and manifests as an abnormally transferred 
image. 

25 Figs. 12A and 12B show patterns on a wafer that are formed through the Figs. 

1 1 A and 1 IB mask patterns. Note that Fig. 12A shows a pattern formed by exposing 
the Fig. 1 1 A mask pattern to unpolarized light and Fig. 12B shows a pattern formed by 
exposing the Fig. 11 B mask pattern to linearly polarized light polarized in the vertical 
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direction (first direction). 

With reference to Figs. 12 A and 12B, a resist 43 has holes 44, 45 formed therein. 
In Fig. 12 A an abnormally transferred pattern 46 attributed to the sub peak is formed 
between holes 44. In Fig. 12B, in contrast, there is not an abnormal transfer attributed 
to a sub peak, since the exposure is performed with linearly polarized light and, as seen 
in its direction of polarization, the opening is relatively increased in width to provide 
exposure more eflficiently and reduce the opening and field portion's relative exposure 
ratio. 

Note that while in the present embodiment the halftone field portion's 
transmittance is set to approximately 6%, increasing the transmittance can more 
effectively prevent abnormal transfer attributed to the sub peak. More specifically, the 
transmittance can be modified within a range of approximately 2% to 25%. 

In the present embodiment a semiconductor device is fabricated in a method 
summarized as follows: 

In the present embodiment the semiconductor device fabrication method is a 
method of fabricating a semiconductor device having hole 45 (a hole pattern) and 
includes the steps of employing linearly polarized hght to transfer a mask pattern 
formed on a mask and including opening 42 onto resist 43 deposited on a wafer; 
patterning resist 43; and using the patterned resist 43 to form a pattern, and to form hole 
45 opening 42 is provided to have a width (W2) in a vertical direction (first direction) 
parallel to that of polarization of linearly polarized light larger than a width (Wl) in a 
horizontal direction (second direction) orthogonal to the vertical direction. 

This can contribute to a limited abnormally transferred pattern formed on the 
resist that is attributed to the sub peak. 

In the present embodiment, matters similar to those of the first and second 
embodiments will not specifically be described. 

Fourth Embodiment 

Figs. 13A-13D are cross secfions of resist patterns 51, 52, 51A, 52A formed on 
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a substrate 50 in a semiconductor device fabrication method in accordance with a fourth 
embodiment. Figs. 14A and 14B are top views of the resist patterns. Figs. 13A and 
13C show a cross section taken along a line A-A in Fig. 14A and Figs. 13B and 13D 
show a cross section taken along a line B-B in Fig. 14B. 
5 The Figs. 13A-13D, and 14A and 14B resist patterns are used to form a line and 

space pattern having a width of approximately 70 nm. This resist pattern is formed for 
example with an exposure wavelength of 193 nm and an NA of 0.92 appUed as 
conditions for exposure. 

Figs. 13 A and 13B show resist patterns 51, 52 formed when linearly polarized 

10 light is used to perform exposure. Note that the Hnearly polarized light's direction of 
polarization is a vertical direction in Figs. 14A and 14B. More specifically, the Fig. 
13 A resist pattern 5 1 is formed by S polarized light and the Fig. 13B resist pattern 52 is 
formed by P polarized light. 

With reference to Figs. 13 A and 13B, resist pattern 51 formed by S polarized 

15 light tapers in cross section, whereas resist pattern 52 formed by P polarized hght is 
rectangular in cross section. 

Figs. 13C and 13D show resist patterns 51 A, 52B formed when linearly 
polarized light (first linearly polarized light) polarized vertically (in the first direction) 
and another linearly polarized light (second linearly polarized light) polarized 

20 horizontally (in the second direction) combined together are used to perform exposure. 
Note that the first linearly polarized Iight*s direction of polarization is the vertical 
direction in Figs. 14 A and 14B and the second linearly polarized light's direction of 
polarization is the horizontal direction in the same figures. Furthermore, the second 
lineariy polarized light has an amplitude of approximately 5% of that of the first linearly 

25 polarized light. 

With reference to Fig. 13C, exposing to S polarized light and P polarized light 
combined together has allowed resist pattern 51 A to be formed in a rectangle. Herein 
it can be ensured that resist pattern 51A is substantially equivalent in resolution to resist 
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pattern 51. Note that resist pattern 52A is geometrically identical to resist pattern 52. 
Consequently, vertical/horizontal resist patterns* (51 A, 52 A) difference in dimension as 
well as geometry can be reduced. 

Herein the first linearly polarized light and the second linearly polarized light may 
be combined together by compositing them to provide elliptically polarized light for 
exposure or separately directing them for exposure. More specifically, combining the 
first linearly polarized light and the second linearly polarized light together is a concept 
including compositing them to provide elliptically polarized light and separately directing . 
them for exposure. The former allows exposure to complete at a time and thus 
provides increased throughput. The latter allows an optical system for exposure to be 
configured by a simple device and thus provides a more controllable polarization ratio 
(i.e., a more controllable ratio in amplitude between the first linearly polarized light and 
the second linearly polarized light). 

Furthermore in the present embodiment the second linearly polarized light is set 
to have an amplitude of 5% of that of the first linearly polarized light. This value, 
however, can be modified within a range of approximately 2% to 20% (more preferably 
approximately 3% to 10%). The first linearly polarized light and second linearly 
polarized light having their respective amplitudes at a ratio set within this range can 
ensure that a resist pattern has sufficient resolution and also prevent S polarized light 
from transferring and forming a resist pattern tapering as seen in cross section. 

The present embodiment provides a semiconductor fabrication method 
summarized as follows: 

The method employs an illumination device, a mask and a projective lens and 
includes the step of employing the device's illumination light to transfer a mask pattern 
formed on a mask onto a resist film formed on a wafer, the illumination light being S 
polarized light (first polarized light) polarized in a vertical direction (first direction) 
parallel to a direction in which the mask pattern extends and P polarized light (second 
polarized light) polarized in a horizontal direction (second direction) orthogonal to the 
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vertical direction combined together. 

In the present invention, matters similar to those of the first to third 
embodiments will not specifically be described. 

Thus the present invention's embodiments described above may have their 
5 respective, above described characteristic features combined as appropriate. 

Although the present invention has been described and illustrated in detail, it is 
clearly understood that the same is by way of illustration and example only and is not to 
be taken by way of limitation, the spirit and scope of the present invention being limited 
only by the terms of the appended claims. 

10 

Industrial Applicability 

Thus the present invention is applicable to semiconductor fabrication methods 
and mask pattern data generation methods. 
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